The sensitivity of Vibrio parahaemolyticus cells to refrigeration and frozen storage and the development of a method for detecting injured and uninjured V. parahaemolyticus cells were studied. Cell suspensions in different kinds of seafood homogenates were either refrigerated (4°C) or frozen (-20°C), stored, and examined for cell survival during storage. V. parahaemolyticus cells were sensitive to both storage temperatures. Many cells died, and many survivors were sublethally injured. In general, refrigeration storage appeared to be more injurious than frozen storage. The initial recovery of the sublethally injured cells was highest in a nutritionally rich, nonselective liquid medium such as Trypticase soy broth, whereas maximum cell multiplication was observed in Trypticase soy broth containing 3% NaCl. The sublethally injured V. parahaemolyticus cells demonstrated sensitivity to the selective enrichment medium, glucose salt teepol broth. From these findings, a new method (designated as the "repair-detection" method) was developed for the isolation and enumeration of V. parahaemolyticus. Comparative studies between the recommended and the repair-detection methods showed that injured V. parahaemolyticus cells were present in commercial seafoods and that the repair-detection method was definitely more effective for the detection of total numbers of V. parahaemolyticus cells.
The sensitivity of Vibrio parahaemolyticus cells to refrigeration and frozen storage and the development of a method for detecting injured and uninjured V. parahaemolyticus cells were studied. Cell suspensions in different kinds of seafood homogenates were either refrigerated (4°C) or frozen (-20°C), stored, and examined for cell survival during storage. V. parahaemolyticus cells were sensitive to both storage temperatures. Many cells died, and many survivors were sublethally injured. In general, refrigeration storage appeared to be more injurious than frozen storage. The initial recovery of the sublethally injured cells was highest in a nutritionally rich, nonselective liquid medium such as Trypticase soy broth, whereas maximum cell multiplication was observed in Trypticase soy broth containing 3% NaCl. The sublethally injured V. parahaemolyticus cells demonstrated sensitivity to the selective enrichment medium, glucose salt teepol broth. From these findings, a new method (designated as the "repair-detection" method) was developed for the isolation and enumeration of V. parahaemolyticus. Comparative studies between the recommended and the repair-detection methods showed that injured V. parahaemolyticus cells were present in commercial seafoods and that the repair-detection method was definitely more effective for the detection of total numbers of V. parahaemolyticus cells.
Vibrio parahaemolyticus is an enteropathogenic, cold-and heat-sensitive marine microorganism found worldwide and associated with seafoods. It is the chief food-poisoning agent among the consumers of seafood during the summer months in Japan and has been isolated from the East, West, and Gulf Coasts of the United States (14) . V. parahaemolyticus has only recently been recognized as a cause of food-poisoning outbreaks in the United States (2) . The first confirmed outbreak was reported in Maryland in 1971 (1) . The origin of a food-poisoning outbreak in North Carolina in 1975 from the consumption of raw oysters has been confirmed as V. parahaemolyticus (personal communication, Department of Human Resources, Raleigh, N.C.). In addition to its danger to humans, V. parahaemolyticus is a primary pathogen for blue crabs and seriously affects the survival of postlarval shrimp in mariculture (14) . It also causes localized infections of wounds among bathers and workers (19 (3, 4, 7, 8, 10-12, 16, 18-20) . These cells become highly sensitive to media which contain surface-active agents. In such media, the stressed cells probably fail to repair their injury and appear nonviable (15 Repair and growth studies. Repair of injury and subsequent growth of frozen cells of V. parahaemolyticus were determined by suspending and incubating the cells in TSB, TSB+S, and GSTB at 35°C. The cells from different suspending broths were plated on TSA+S and TCBS immediately after thawing and at various intervals during incubation. Reduction in the percentage of injury during incubation in broth was considered to be due to repair.
Enumeration and isolation of V. parahaemolyticus from commercial seafoods. The enumeration of V. parahaemolyticus was performed by the most-probable-number (MPN) procedure, by the recommended method (6) as well as by the "repair-detection" method. Seafood samples in 50-g amounts were blended in a 1:10 ratio with sterile 3% NaCl solution. In the recommended method, 1-ml portions of blended sample from three successive dilutions were inoculated into each tube containing 10 ml of GSTB; a total of nine tubes, three tubes in each of three successive decimal dilutions, were used. The tubes were incubated at 35°C for 18 h, and a loopful of material from each tube was streaked onto a TCBS plate. The plates were incubated at 35°C for 24 h and examined for typical V. parahaemolyticus colonies. Round MPN tables. In the repair-detection method, the blended seafood samples were first inoculated into nine tubes (three tubes for each of three successive dilutions) containing 10 ml of TSB. The tubes were incubated at 35°C for about 2 h, and then sterile NaCl solution was added to each tube to give a final 3% NaCl concentration. The tubes were incubated overnight, and then 1 ml from each tube was transferred to 10 ml of GSTB. A loopful of material was streaked onto TCBS plates after incubating the tubes at 35°C, first for 6 h and then for 24 h. The plates were examined for V. parahaemolyticus colonies, and the MPN values were calculated.
For the isolation of V. parahaemolyticus by the repair-detection method, 50 g of seafood was first blended in 450 ml of TSB and incubated for 2 h at 35°C. Then enough sterile NaCl solution (20%) was added to give a final NaCl concentration of 3%. This was incubated overnight at 35°C, and a 10-ml portion from them was transferred to 100 ml of GSTB, which was then incubated at 35°C. From the GSTB, a loopful of material was streaked onto TCBS plates, first after 6 h and again after 24 h of incubation. In the recommended procedure (6), blended samples were directly incubated in GSTB overnight, and a loopful of material was streaked onto TCBS plates. All of the plates were incubated overnight at 35°C and examined for typical colonies.
RESULTS
Sensitivity of V. parahaemolyticus cells to refrigeration and frozen storage. The sensitivity of all three strains of V. parahaemolyticus cells to refrigeration and frozen storage in trout, oyster, shrimp, and crabmeat homogenates was determined by plating on a nonselective (TSA+S) and a selective (TCBS) medium at selected intervals during 2 weeks of storage. Representative data showing the rate of death of the cells (scallop isolate) in refrigerated crabmeat ( Fig. 1 ) and frozen oyster (Fig. 2) indicated that cell death, as represented by the reduction in TSA+S counts, occurred at a very rapid rate under both storage conditions. The difference in counts between the two plating media at any particular storage time represented the amount of injured cells among the survivors. Although data in Fig. 1 indicate that the amount of injured cells might not be very high, results presented in Fig. 3 and Table 1 suggest that, depending upon the strains and storage conditions, 90% or more survivors could be injured. These results also show that unstressed cells of V. parahaemolyticus (zero-day counts) were sensitive to the TCBS medium; however, this was also found to depend on the strains and types of seafood homogenate used.
Initial recovery, repair, and initiation of growth of frozen V. parahaemolyticus in TSB, TSB+S, and GSTB. GSTB is the rec- The samples were thawed in running tap water, immediately transferred to TSB, TSB+S, and GSTB, and plated on TSA+S first within 5 min and then at different intervals up to 3 h during incubation at 350C. Representative results (Fig.  4) for public health isolate frozen in crabmeat homogenate indicate that, initially, a greater number of cells were detected from TSB than from TSB+S and GSTB. Although the difference in counts between TSB and TSB+S was not large, in many experiments higher counts were obtained from TSB than from the corresponding TSB+S during the first 60 min of incubation. In contrast, counts from GSTB were quite low in most experiments (data not presented). Also during the first 60 min of incubation, cell counts from all three liquid media increased. Since this increase could not have resulted from cell multiplication, it was considered to be due to the repair of the injured cells. In other experiments, cells transferred after 30 and 60 min of incubation from TSB or TSB+S to GSTB were found to be relatively resistant to this selective medium. This indicated that the injured cells had repaired in TSB and TSB+S and developed resistance to GSTB (data not presented). At 90 min, cell multiplication started in all three media. The initial rate of multiplication was higher in TSB+S and GSTB than in TSB.
From these observations, it was thought that a higher detection of injured V. parahaemolyticus from a sample could be accomplished by two experiments for each of three strains, K-30, public health isolate, and scallop isolate. Individual strains showed large variation in sensitivity to TCBS medium and to the refrigeration and frozen storage. All three strains had less than 10% survival within 1 day of frozen storage. Low survival (<10%) was obtained for K-30 and the scallop isolate under refrigeration storage; however, the public health isolate under refrigeration storage had 50% or more survivors. At 14 days of refrigeration and frozen storage, all three stains showed a reduction (4 to 5 log cycles) of survivors. Injury on day zero represented the sensitivity of the unstressed cells to the selective plating medium (TCBS). Strain K-30 was most sensitive, whereas scallop isolate was most resistant; all strains were most sensitive in oyster homogenate and least sensitive in crabmeat homogenate (data not presented).
b NC, Counts were not available at lowest dilutions plated (10-2 dilution). suspending the cells and allowing them to repair in a nonselective broth, such as TSB, for about 2 h, adding salt to a final concentration of 3%, and then incubating further for maximum multiplication. This should be followed by selective enrichment in GSTB broth to reduce the competition of the associated organism, followed by streaking on TCBS plates.
Growth studies. To determine the effect of TSB+S and GSTB on the growth of V. parahaemolyticus and thus to determine a suitable time for streaking the samples on TCBS plates, strain K-30 cells were incubated at 350C in TSB+S and GSTB and enumerated at intervals between 0 and 24 h by surface plating on TSA+S. These results (Fig. 5) indicate that from a relatively low initial population (ca. 100 cells per ml), the cells reached the stationary phase of growth in TSB+S within 10 to 12 h and then began to die off. In GSTB, the cells reached the stationary phase by 8 h and then began to die off. When the cells in both broths were near their maximum population, the cell concentrations were about 109/ml in TSB+S and 107/ml in GSTB, a difference of 2 log cycles. ommended procedure. In contrast, 80% or more samples were positive by the repair-detection method; slightly higher detection (84%) was obtained at 6 h than at 24 h of incubation in GSTB. DISCUSSION V. parahaemolyticus cells in seafoods were found to be sensitive to refrigeration and frozen storage in the present study. Similar results have been reported by other workers (3) . Although a large proportion of the cells were killed under both storage conditions, these procedures could not be relied upon to eliminate the presence of V. parahaemolyticus in contaminated products (11) . These results also indicate that both refrigeration and freezing could impose sublethal injury to V. parahaemolyticus cells and, depending upon conditions, 90% or more of the survivors could be injured. Sublethal injury of V. parahaemolyticus to different kinds of sublethal stress has been reported by many workers (3, 4, 7, 10-12, 16, 18-20) .
Because the injured cells were susceptible to many selective agents, direct exposure of these cells present in contaminated samples to the enrichment medium (GSTB) might have inhibited their complete repair and subsequent multiplication. This could reduce effective detection of them in the contaminated products (3, 4) . However, if the injured cells were allowed first to repair in a nonselective medium and then were exposed to the selective environment, the inhibitory effect of the selective agents could be eliminated. This has been observed for injured coliforms (15) . The nonselective repair medium could be either TSB or TSB+S. However, in our present study we obtained slightly higher recovery from TSB than from TSB+S frequently, especially after about 60 min of initial incubation. Although V. parahaemolyticus cells multiply better in a medium containing about 3% salt, the sublethally injured cells might be sensitive to this salt environment. Sensitivity of the sublethally stressed V. parahaemolyticus cells to about 5% salt has been observed by others (4, 5, 7, 9) . Because of this possibility, we preferred to expose these cells initially in a low-salt environment (0.5% in TSB). Once the cells have passed the "repair phase" and entered into the "multiplication phase," they could be exposed to a high-salt environment, such as TSB+S, to enhance the rate of multiplication. This change from a low-salt to a high-salt environment could be made after about 1 to 2 h of incubation at 350C.
The time of transfer of the cells from the TSB+S to GSTB should preferably be when the population in TSB+S has reached maximum. The present study has indicated that this could require about 12 h (2 h for repair and 10 h for multiplication). Transferring the cells at this time to GSTB was not feasible in an 8-h working day; therefore, the cells were incubated in TSB+S overnight at 350C. Next morning, the sample was transferred to GSTB for selective enrichment and incubated at 350C. Even when the material from TSB+S contained only a small number of V. parahaemolyticus cells, the number could be very high (>106/ml) in GSTB within 6 h at 350C. Streaking of materials from GSTB onto TCBS agar plates after 6 h at 350C could be done easily in an 8-h working schedule and could eliminate one full day in the isolation of V. parahaemolyticus. As a precaution, all GSTB should be reincubated overnight. Next morning, GSTB for only those samples which did not show characteristics of V. parahaemolyticus colonies on TCBS plates streaked at 6 h should be restreaked onto new TCBS plates (24-h streaking). These plates could be checked after 24 h of incubation at 350C. From this point, the recommended procedures should be used for the isolation and enumeration of V. parahaemolyticus.
In summary, the results of this study show that injured V. parahaemolyticus cells are present in commercial seafood samples and that the 1126 RAY ET AL. repair-detection method is definitely better than the recommended method for the detection of these cells.
